Objective: The review is designed to draw up the specifics of diagnostic procedures in more convenient form for practitioners and researchers. Tick-borne diseases (TBDs) or otherwise called equine piroplasmosis (EP) are the foremost economic limitations to equids production. Thus, reducing the breeding capability and athletic performance of equids globally. Identification of these hemoparasites is crucial in understanding their distribution in the population and it is imperative to discern between species and subspecies that are responsible for the occurrence of the disease conditions. Materials and methods: Conventional procedures such as microscopic and serological evaluations do not usually meet these prerequisites. Diagnostic contrivances, for instance complement fixation test (CFT), indirect fluorescent antibody test (IFAT) and enzyme linked immunosorbent assay (ELISA) were efficaciously adapted for many years. Furthermore, DNA-based investigations for identification, diversification and classification of dissimilar hemoparasites were also established. Molecular investigative procedures, for example DNA hybridization, polymerase chain reaction (PCR), transcriptomics, proteomics, metagenomics and metabolomics, permit the uncovering of hemoparasites or tissues with optimal specificity, sensitivity and consistency. Results: Additionally, these procedures can be employed to detect definite species and subspecies. The prerequisite of these investigations must include proper premeditation and validation, these investigations provide an effective device for molecular studies, with greater benefits of flexibility to standard requirements. Application of these procedures for swotting TBDs or EP globally will be irreplaceable for a long period from now. Conclusion: The bourgeoning transcriptomics, proteomics, metagenomic and metabolomics could immensely add to the diagnosis of tick-borne diseases found in the tropical, subtropical and some temperate region of the world.
INTRODUCTION
The diagnosis of hemoparasitic infections has remarkably been optimised as skills, expertise and diagnostic contraptions have greatly been improved over the years. Hierarchically, ticks were placed as the primary arthropod vectors of protozoa, rickettsiae, bacteria and viruses in horses, donkeys, mules and zebras (Salih et al., 2015) . The prevalence of tick-borne diseases varies globally, their effect on equids breeding, athletic performances and precincts in meeting global needs connected to exportation or partaking in horse-riding sporting events is significant in the tropical, subtropical and in some temperate regions as they cause enormous peril to the well-being of equids in these areas (Baldani et al., 2010; Salih et al., 2015) . The illness in equids is typified by fever, anemia, hepatosplenomegaly, icterus, intravascular hemoglobinuria, hemolysis, and death can ensue (Baldani et al., 2010) . The essential tick-borne hemoparasites in equids comprise Babesia caballi and Theileria equi (B. equi), they share the same tick vectors, and they are also found in the same locations, and recurrently they infect horses. The genera Babesia and Theileria belong to the family Piroplasmidae.
The unswerving effect of these tick-borne microorganisms are revealed in breeding reduction, athletic performance, weight loss and considerable death in the population of the affected equids (Baldani et al., 2010) . The eradication or reduction of tick-borne diseases in equids population will appreciably heighten the breeding and athletic performance of these animal species. Efficient control of tick-borne hemoparasitic illnesses needs speedy, consistent and extremely delicate diagnostic tests, which can also aid in monitoring the efficacy of the prophylactic and therapeutic measures (Salih et al., 2015) . The conventional process of using history, clinical signs, blood or tissue smears examination, serology and post-mortem provide the rudimentary prerequisites for diagnosis, and have downside of specificity, sensitivity, and it requires the participation of experts and is labour intensive. The serodiagnosis do not vary between current and previous infection in equids that have cleared the microorganism, but still is seropositive (Baldani et al., 2007; Baldani et al., 2010) . Nucleic acid based diagnostics, predominantly DNA based procedures were developed and certified for identification and characterization for numerous microorganisms (Baldani et al., 2010) .
The polymerase chain reaction (PCR), ELISA, transcriptomics, proteomics, metagenomics and metabolomics based assessments allow for the identification of parasites at levels far-off below the detection limit used for parasitological procedures. Numerous procedures were developed disjointedly for detection of each species of tick-borne hemoprotozoa. In this review, a comprehensive dialogue on diagnostic techniques from conventional to molecular approaches comprising of transcriptomics, proteomics, metagenomics and metabolomics procedures are well-thought-out. 
Conventional Diagnostic Procedures

Microscopy
The hemoparasites in infected equids can be identified in blood smears stained with 10% Giemsa solution (Sumbria and Singla, 2015) . Babesiosis is identified by examining organ or blood smears after staining with Romanowsky stain (Salih et al., 2015) . In the acute phase of TBDs or EP, diagnosis by microscopic examination of blood smears is possible, and are still considered as "gold standard" (Salih et al., 2015) . In subclinical carrier equids, nevertheless, the small number of piroplasms in circulation reduces the sensitivity of microscopy (Terkawi et al., 2011) , and serologic diagnosis is more consistent (Sumbria and Singla, 2015) . Parasitemia with B. caballi is usually very low, therefore, uncovering of parasites in thin blood smears is frequently challenging (Dave et al., 2012) . The thick blood smear procedure is expedient. The merozoites of B. caballi within erythrocytes are pyriform in shape and differ between 2 and 5 μm × 1 and 1.5 μm in size and frequently form twosomes linked at their posterior ends (Figure 1) . Trophozoites could similarly be detected in erythrocytes and are polymorphic in shape, changing from round to oval or elliptic, and is roughly between 1.5 to 3 μm in diameter. T. equi merozoites in erythrocytes characteristically seem as four pyriform parasites, almost 1.5 μm elongated and organised in a "Maltese cross" pattern (Figure 2) . The trophozoites can assume an oval, round, elliptic, or spindle shape and is to 3 μm in diameter inside the erythrocytes. The conservative microscopy for identification is user friendly and doesn't need the procurement and upkeep of expensive contrivances. However, limitations of conventional microscopy techniques comprise enormous labour when bulky samples are to be analysed in a short time, proficient technicians are essential for accurate diagnosis and it is less effective in cases where the infection level is very low.
Indirect Diagnostic Procedures
When hemoparasites are detected at concentrations lower than the sensitivity of unswerving procedure or is not able to be established in tissue sample as a result of the stage in the life cycle of the parasite in the host, indirect procedures of identification are adapted, which comprise serological tests that detect antibodies or antigens. Numerous serological tests are available and include complement fixation test (CFT), indirect fluorescent antibody technique (IFAT) and enzyme-linked immunosorbent assay (ELISA) among others.
Complement Fixation Test
The complement fixation test (CFT) is hitherto the authorised normal test for equine piroplasmosis and is the universal test for incoming equine in EP-free nations. The fundamental standard for CFT is the fixation of complement during the reaction between specific antigen and antibody. Equine sera that react at a dilution of 1:5 are assumed to be positive. CFT identifies antibody titers as from day 8 of post infection, and the titers decreases at 2 to 3 months of post infection. CFT reactions may perhaps become transitorily negative within 24 months of treatment of T. equi infected horses and within 3 to 15 months for B. caballi-infected horses. Consequently, retesting horses that were treated should be done 4 to 6 weeks post treatment.
Numerous downsides are divulged using CFT, comprising the need for the generation of large quantities of antigens, the manifestation of false-negative results, and cross reactivity between B. caballi and T. equi sera. CFT is a very specific test; nonetheless, because of the presence of IgG (T) antibodies (non-complement fixing) it indicated low sensitivity in chronic cases.
Indirect Immunofluorescent Antibody Test
The indirect immunofluorescent antibody test (IFAT) has greater sensitivity compared to CFT and has been indicated as an additional assessment when CFT results are questionable. In this test, test sera react with antigens of parasites are fixed to glass slides. The antibodies are observable using ultraviolet light after binding of a fluorescein-labeled antiequine serum. Sera are assumed to be positive if they express resilient fluorescence of the parasites at a dilution of 1:80 and higher (Baldani et al., 2007) . The earliest antibody responses in equines experimentally inoculated with B. caballi and T. equi in one study were at 3 to 20 days of post infection, with titers still demonstrable in the covert period of infection. IFAT titers are identified reliably than CFT titers, and sera continue to be positive using IFAT compared to CFT (Baldani et al., 2007) . To upsurge the specificity with IFAT, serum should be diluted, which concomitantly results in forfeiture of sensitivity (Rothschild and Knowles, 2007) . IFAT is laborious, needs colossal amounts of antigen, and due to subjectivity in interpreting fluorescence, is challenging to normalize. IFAT is used as an additional test to aid in the analysis of CFT results, and is the most significant approved tests for horse piroplasmosis as endorsed by the OIE.
Enzyme-Linked Immunosorbent Assay
Enzyme-linked immunosorbent assay (ELISA) is indicated in the identification of dominant antibodies to both T. equi and B. caballi, although cross-reactivity may ensue. Using T. equi EMA-1 and specific monoclonal antibodies (Knowles et al., 1991; Battsetseg et al., 2002; Ueti et al., 2003; Bhoora et al., 2009 ) developed a competitive inhibition ELISA (cELISA) for T. equi infection. EMA-1 is a specific T. equi surface erythrocyte stage protein that has an epitope shown to be both immunodominant and conserved universally (Cacciò et al., 2000; Nicolaiewsky et al., 2001; Rampersad et al., 2003; Heim et al., 2007; Baldani, 2008; Fritz, 2010) . This cELISA was well along upgraded by adapting a recombinant protein instead of culture-derived whole parasites. This assay overwhelms the difficulty of antigen purification due to specificity which depends on monoclonal antibody. ELISA has enhanced the ability to perform compared with CFT and IFAT and has identified covert infections of experimentally inoculated equines not identified by CFT (Rothschild and Knowles, 2007) . The adoption of a recombinant protein simplifies normalization of the test and overwhelms the need for in vitro cultivation of the parasite or the artificial inoculation of equines for antigen production, making cELISA an ideal test for screening of Babesia infection (USAHA, 2011). In a field survey, this test identified 25% more sera as positive for B. caballi as the CFT (Rothschild and Knowles, 2007) . In 2004, OIE (http://www.oie.int) approved the cELISA for both T. equi and B. caballi as the approved assay for international equine trading. A singledilution ELISA using the whole-merozoite antigen was validated in the field in India by Kumar et al. (2003) in 2003 to detect antibodies to T. equi. These authors reported the assay to be economical and sensitive, with no cross-reaction with B. caballi, and suitable for large epidemiologic studies.
Polymerase Chain Reaction
Uncovering of hemoparasitic deoxyribonucleic acid (DNA) using PCR is highly sensitive when compared to microscopic recognition of parasites in blood smears and is superior for the detection of carrier infections (Salim et al., 2008) . The PCR systems may be a cherished tool in the expeditious uncovering and identification of T. equi and B. caballi in blood, as substitute to microscopy and serology for enhancing diagnostic results; at the moment, these contrivances are only used for research purposes (Baldani et al., 2010) . Investigations of horses in endemic regions are essential for the valuation of diagnostic sensitivity and specificity of these tests. Primary PCR tests have been developed to identify both T. equi and B.
caballi DNA in equids. In one investigation, PCR was able to identify calculated parasitemias as low as 0.0083% for B. equi and 0.017% for B. caballi. Nevertheless, many equines with positive PCR results also had positive microscopic investigation of blood smears. A nested PCR for T. equi based on the sequence of the EMA-1 gene has amplified sensitivity and may be more consistent for the diagnosis of subclinical infection, identifying an equivalent calculated parasitemia of 0.000006% (Nicolaiewsky et al., 2001; Baldani, 2008) . In a field study using nested PCR for T. equi, the test was able to identify 3.6 times more infections than microscopic investigation and 2.2 times more than with primary PCR. Many subclinical infections in apparently healthy equines that could not be identified with primary PCR were identified by nested PCR. The same assay has been efficaciously used to identify B. caballi-infected and T. equi infected ticks in Mongolia and to identify infected ticks and equines in Brazil. A PCR-based hybridization test for B. caballi using a specific biotin-labeled DNA probe has been developed with excellent results but has not yet been verified in field conditions. PCR testing is objectively forthright and becoming more inexpensive and soon may become commercially obtainable.
In-vitro Organism Cultivation
In vitro culture of blood samples from suspected equids for the identification of B. caballi and T. equi in carrier horses and zebras has been described. This is a substitute to the traditional in vivo testing in which blood from a suspected infected horse is injected into a susceptible splenectomized horse, which is observed for development of characteristic clinical signs and clinicopathologic indication of disease. Regardless of the substantial benefit of disregarding the use of live animals, in vitro culture procedures are arduous, costly, and unreliable and thus not suitable for commercial use.
Transcriptomics, Proteomics, Metagenomics and Metabolomics as Promising Diagnostic Procedures for Equids Tick-Borne Diseases
Transcriptomics and Proteomics
Due to the current methodological advances in transcriptomics and proteomics analyses, a general assessment of the various expressed genes and proteins of an organism has become accessible. Transcriptomics and proteomics analysis is an essential step in changing genetic data to protein function and cell biology. Complete genome transcriptomic analysis revealed the expression of roughly 70% of bacterial gene transcripts (Nelson et al., 2008) . Proteomics analyses based on 1-D and 2-D gel identified one-fourth of the total ORFs from human and tick cell-derived pathogen cultures (Singu et al., 2005; Seo et al., 2008) . Nevertheless, there are major technical hitches in proteomic studies regarding obligate intracellular organisms; due to high-purified sample is not definitely obtainable, and the manifestation of a huge amount of host proteins decreases the identification and sensitivity scores of microbial proteins (Li and Lostumbo, 2010) . The development of highly sensitive nano-liquid chromatography coupled with tandem MS/MS (nano-LC-MS/MS)-based proteomic methodology improves protein analysis of obligate intracellular organisms, as low levels of proteins can be identified in samples mixed with a huge amount of host proteins (Zimmer et al., 2006) . Moreover, label-free protein quantitation based on LC-MS peptide peak intensity data becomes possible due to the sensitivity and reproducibility of intensity data measurements, and multiple samples from different conditions can be compared directly without stable isotope labelling (Old et al., 2005; Zimmer et al., 2006; Shi et al., 2009 ). Here, we review the efficiency of transcriptomics and proteomic approach in the diagnosis of tick-borne diseases by their relative protein expression abundances. The determination of protein expression profiles of tick-borne diseases in equids erythrocytes will help advance understanding cell biology, physiology of these ticks, and complex interplay between ticks and their host, and enhance the opportunities for investigation of novel targets for chemotherapy or blocking of pathogenic pathways.
Metagenomics and metabolomics
Metagenomics and metabolomics procedures have emerged and could be promising in identifying tick-borne diseases, bringing novel potential for the development of diagnostics methodologies. The field of metagenomics, and the study of microbes' populations and their contributions to health and disease could tremendously be enhanced using this procedure. Metagenomic evaluations are usually undertaken by sequencing the microbial 18S and 16S ribosomal RNA (rRNA) subunit or the complete metagenome shotgun sequencing, characteristically on an enormously analogous pyrosequencing podium (Dave et al., 2012; Bahrami et al., 2014) . These skills have extended the possibility of culture-reliant microbiological procedures and have improved our understanding of the microbial populations that dwell in the blood streams, intestine, skin, oral cavity, and genitourinary tract and how these microbes interact with the host (Dave et al., 2012) .
Entire metagenome or metatranscriptome shotgun (WMS) sequencing includes all nucleotides in a sample, classifying all microorganisms that may be existing, to a species or even strain level whereas providing functional based information on genome content. Downsides of WMS comprise exorbitant cost in terms of nucleotide number and capitals required to analyze the larger data set and contamination with host nucleic acid. WMS methods have an intrinsic nucleic acid extraction bias because some microorganisms are lysed far more easily than others. It is more effective than Sanger sequencing, of the "next-generation" technologies which aligns shorter reads and as a result are more liable to sequencing inaccuracies (Morgan and Huttenhower, 2014) .
Autonomously, the field of metabolomics emerged as logical, non-subjective examination of all low molecular weight small molecules, or metabolites, produced by the body in response to an ecological stimulus. Metabolites are released into body fluids by host and microbial cells, measured by mass spectrometry based methodologies, and aligned alongside libraries of known biochemicals. These procedures have been employed to understand the mechanisms of pathogenesis and to detect novel biomarkers of disease. Metabolomics similarly indicates the presence and function of microbes living in difficult crannies and highlights the multifarious relationship between microbes, host metabolism, and comparative health or disease (Geoffrey and Peter, 2015) .
Metabolites formed by microbial and host cells consist of an unusual pool of physicochemical properties, these may be existing in almost all body tissues or fluids, and are found in varying concentrations. Consequently, no particular metabolomics podium is capable of identifying all metabolites in a sample, and a collection of approaches is usually employed (Dettmer et al., 2007; Yozwiak et al., 2012) . Mass spectrometry coupled to gas chromatography (GC-MS) identifies volatile, thermally stable metabolites with less than millimolar sensitivity, while liquid chromatography (LC-MS) is used to identify nonvolatile polar and nonpolar compounds with nanomolar resolution. These methods are dependent on sample preparation procedures that present bias and unavoidably metabolite losses (Geoffrey and Peter, 2015) . Otherwise, nuclear magnetic resonance (NMR) spectroscopy does not need prior separation of compounds in a sample, though curtailing sample preparation diminishes the resolution; NMR can typically identify compounds at or above a millimolar level. After alignment to libraries of identified biochemical, multivariate statistical methods present metabolite contingency tables and principal component analyses. The major downside to all metabolomics methods is cost, both in terms of data procurement and labor intensity of data analysis. Moreover, a fully interpreted, complete metabolite library, particularly for microbial-derived compounds, is still farflung (Geoffrey and Peter, 2015) .
Transcriptomics, proteomics, metagenomics and metabolomics are the most speedily progressing "omics" tools, transcriptomics and proteomics are essential in changing genetic information to protein function and cell biology while, metagenomics classifies the genetic potential of a microbial population, and metabolomics accounts for the specific mechanism that yields a phenotype. These fields have contributed positively to numerous animal conditions. Furthermore, there exist unprecedented prospects in transcriptomics, proteomics, metagenomic and metabolomics in understanding the host parasite relationship. Thus, the bourgeoning transcriptomics, proteomics, metagenomic and metabolomic could immensely contribute to the diagnosis of tick-borne diseases found in the tropical, subtropical and some temperate region of the world.
Approach to protozoan parasite systems
In recent times metabolomics has been employed for the study of trypanosomatid, specifically for the biology and the host parasite interactions (Kafsack and Llinas, 2010; Timothy et al., 2013) . The Metabolism of Leishmania have been studied (Creek et al. 2011; Scheltema et al. 2010; Timothy et al., 2013) including Trypanosoma (Vincent et al. 2012; Creek et al. 2011; Timothy et al., 2013) . Ancillary studies were carried out on Plasmodium (Besteiro et al. 2010; Lakshmanan et al. 2011; Timothy et al., 2013) . However, studies on Entamoeba was performed to illustrate how metabolomics can be used to evaluate crucial features of metabolism in the parasite. The effect of L-cysteine on E. histolytica was studied using metabolomics (Husain et al. 2010; Timothy et al., 2013) . Capillary electrophoresis (CE), mass spectrometry (MS) and DNA microarray-based expression were used to examine metabolic and transcriptomic alterations that ensue during encystation in Entamoeba invadens, a family member of E. histolytica from reptiles but distinct from E. histolytica, will encyst in in vitro culture (Jeelani et al. 2012; Timothy et al., 2013) . As encystations advanced, the levels of most metabolites involved in glycolysis and nucleotides decreased significantly, signifying energy cessation. Likewise, glucose utilization is transformed from energy production to chitin wall biosynthesis (Timothy et al., 2013) . Furthermore, proteomics has abetted in supporting this hypothesis. Additionally, Mingqun et al. (2011) in their study presented a comprehensive proteomics data examination of A. phagocytophilum and E. chaffeensis proteomes, and indicated a quantifiable human host protein expression profiles measured by bacterial infection.
CONCLUSION
The diagnosis of tick-borne diseases of equids could be greatly enhanced by employing these nascent procedures. This review provides the significant procedural tools for the diagnosis of tick-borne diseases of equids. Thus, the bourgeoning transcriptomics, proteomics, metagenomic and metabolomics could immensely contribute to the diagnosis of tick-borne diseases found in the tropical, subtropical and some temperate region of the world.
